Introduction
The importance of biomass burning for atmospheric composition, including the concentrations of greenhouse gases on global and hemispheric scales, is widely recognized 15 (Andreae and Merlet, 2001; Galanter et al., 2000 and references therein) . According to Holloway et al. (2000) , during a normal year (i.e. without catastrophic wildfires) biomass burning contributes 748 Tg CO/year globally (including 68 Tg CO/year emitted by extratropical forest fires, Andreae and Merlet, 2001) . This is much larger than the global contribution from the combustion of fossil fuel (300 Tg/year) and is comparable 20 to contributions from biogenic hydrocarbons (683 Tg/year) or from methane oxidation (760 Tg/year). The CO emission from HNH boreal forest fires experiences significant interannual variations (Wotawa et al., 2001) .
In a recent paper (Yurganov et al., 2004) , the CO tropospheric burden anomaly in the High Northern Hemisphere (HNH) between 1996 but higher than most other estimates. The upper limit of the error due to possible changes in CO sinks was estimated at ±20%. 5 This paper presents updated results of surface-based measurements of CO burdens supplemented by new satellite data (Edwards et al., 2004) . The CO burdens in summer-autumn of 2002 and 2003 were found to be higher than in 2000 and 2001, and the corresponding CO emission anomalies have been estimated in a way similar to that used by Yurganov et al. (2004) . 
Observational stations and methods
In this work we present CO total column amounts derived from infrared solar observations performed between January 2002 and December 2003 with Fourier transform spectrometers (FTIR) operated at seven stations located in the Arctic, Scandinavia, Western Russia, the European Alps, and the subtropical Atlantic (Table 1) . The high 15 resolution spectra (better than 0.005 cm −1 ) were fitted with calculated spectra, and CO vertical profiles were retrieved. However, only total column amounts have been used in this paper. The spectra recorded by a Russian home-made grating spectrometer with a resolution of 0.2 cm −1 just allowed determination of total column amounts of CO (Yurganov et al., 2002) . Rinsland et al. (1998) Air samples collected in the surface atmospheric layer by the NOAA/CMDL Cooperative Air Sampling Network and by other programs (Table 2) were analyzed for local CO concentrations. Most of these measurements (which are accessible at the WDCGG archive, WMO, 2004) were made by gas chromatography/HgO reduction detection using instruments from Trace Analytical, Inc. (Novelli et al., 2003) . At some stations, 5 CO mixing ratios were measured continuously using non-dispersive gas correlation IR instruments (WMO, 2004) .
The satellite-borne MOPITT (Measurements Of Pollution In The Troposphere) instrument is a thermal IR nadir-viewing gas correlation radiometer described in detail by Drummond (1992) and Deeter et al. (2003) . MOPITT uses a cross-track scan, 10 which allows for almost complete coverage of the Earth's surface in about 3 days, with individual pixels of 22×22 km horizontal resolution.
Results and discussion
Monthly mean CO total column (TC) amounts above 7 sites are plotted in Fig News (IFFN, 2003) , there was smoke pollution from peat and forest fires in the region around Moscow between July and September, 2002. This caused a dramatic reduction in visibility, to less than 100 m in the city, and also had detrimental impacts on the health of the Muscovite population. The fires reached a peak on 6 September. The observed CO spikes (up to 7.3 E18 molecules/cm 2 on 10 September 2002) reflected intrusions of 5 this polluted air (there were no visible fires around the station itself). The horizontal extent of the highly polluted area remains uncertain and in this paper the days with these spikes were omitted. There were nine days in July-September, 2002 with CO columns that exceeded the summer time 2002 lowest daily value (2.02 E18 molecules/cm 2 ) by more than 4 standard deviations, i.e. above 2.9 E18 molecules/cm 2 . Specifically, there were 1 (12), 1 (6), and 7 (10) such days in July, August, and September, respectively (numbers in brackets indicate the total observational days for each month). The relative anomalies in CO abundance (monthly means divided by the values measured during the reference period) are plotted in and were most intense in Siberia. The boundary layer measurements at 16 stations located in the HNH (for coordinates see Table 2 ) are in general accordance with the total columns, but the maximum anomaly in 2002 is higher than that for the total column amounts (2003 data 1998 (Yurganov et al., 2004 ; a surface location of the CO source may explain this difference. We assume that the interannual variations of CO column amounts occur mainly in the troposphere. This assumption may be justified by the fact that about 90% of CO column amount in the NH resides below 12 km (Zhao et al., 2002) . Moreover, the time 5 constant for the vertical exchange between troposphere and stratosphere is more than one year (Brasseur et al., 1999, p. 6) .
The anomalies in CO burden in the reservoir 30 • N-90 • N, 0-10 km were calculated using three data sets (Fig. 3 , top panel and left scale). Firstly, the anomalies in CO total column amounts at four low altitude stations, Harestua, Kiruna, Zvenigorod, and 10 NyÅlesund were averaged and multiplied by the surface area of the reservoir (open circles in Fig. 3 ). Secondly, the average anomalies in CO mixing ratios in the BL (available until December 2002) were multiplied by the number of air molecules in the lowest 1.5 km layer of the chosen reservoir. The density-altitude stratification was taken from the 1976 US Standard Atmosphere. These CO burden anomalies were added to the 15 FT anomalies derived from in situ (5 mountain stations listed in Table 2 and indicated by * ) and column measurements at the Jungfraujoch and Zugspitze stations (rectangles in Fig. 3 ). The data from the Izaña mountain station were not considered here, because the station is located outside the chosen reservoir. And thirdly, the CO burden anomalies for the same reservoir were calculated from the global MOPITT data 20 (full green triangles). All data have similar shapes and are very close in their absolute values.
A box model was used to estimate the monthly mean anomalies in the CO source in the HNH taking into account transport to the Low Northern Hemisphere (LNH, 0 • N-30 • N, 0-10 km of altitude) and chemical removal. 
where P HNH is the CO emission rate (in Tg/month), M HNH , and M LNH are CO tropospheric burdens in the HNH and LNH reservoirs (in Tg); dM HNH /d t is the change in the tropospheric CO burden during the month, L trans and L chem are loss terms due to 5 the transport between the semi-hemispheres and OH-consumption, respectively; p is air pressure in atm; the prime ( ) designates the anomaly, i.e. the deviation from the average over the reference period between March 2000 and February 2002.
The interannual variations of the sink processes (in other words, TAU' chem and TAU trans ) were neglected. TAU trans was calculated using the GEOS-CHEM global 3D 10 CTM with assimilated 1998 meteorology (Bey et al., 2001; Yurganov et al., 2004) . Estimates of the CO emission anomalies in the HNH using the three data sets described before are plotted on the middle panel of Fig. 3 (the reference period is indicated by the shaded area and is different from that used by Yurganov et al. (2004)). Figs. 1, 2 , and 3 are given also in a tabular form in the Supplement (http://www.copernicus.org/EGU/acp/acpd/4/4999/acpd-4-4999-sp.pdf). All three data sets clearly reveal abnormally high CO emissions in 2002 and 2003. The monthly emission anomalies were summed annually and presented in Table 3 . Since 1996 there have been four years with high CO emission of similar magnitude (1996, 1998, 25 2002, and 2003) and four years with low emission (1997, 1999, 2000, and 2001) The average anomalies for all three data sets used were converted into absolute 10 emission assuming some "normal" emission seasonal cycle. 2000 biomass burning emission rates (50.7 Tg CO/year) calculated for the MOZART-2 CTM (Schultz and Granier, personal communication, 2003; Schultz, 2002; Olivier et al., 1996) were used as normal (Fig. 4) . In 1996 and 1998 maximum emissions were observed in August.
Results presented in
In 2002 emissions had a broad maximum in July-August. In 2003 the emissions in 15 August were also high, but lower than in June and July.
Conclusions
Spectroscopic measurements of carbon monoxide total column amounts from ground based stations in the Arctic and Europe reveal increased CO abundance in summer and autumn time of 2002 and 2003 in comparison with the previous two years. Similar 20 increases were observed in 1996 and 1998 (Yurganov et al., 2004 . Increased CO concentrations near the surface were also observed by the CMDL and GAW networks ( Table 3 . Annual CO emission anomalies in Tg CO/year for the HNH retrieved from the lowaltitude FTIR (P (FTIR)); in situ BL, combined with mountain FTIR and in situ data (P (BL+FT)); and satellite measurements (P (MOPITT)) using a box model. The average of the three estimates is also given.
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